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® A permanent-magnet synchronous motor capa- 
ble of decreasing the starting torque. The thickness 
(t2) of a magnet (12) is gradually decreased from a 
central position (P1) thereof toward both ends (P4), 
or the outer circumference of a rotor core (10) is 
formed by a plurality of arcs (18), and magnets (12) 
having a predetermined thickness (tl) are stuck and 
fastened thereto, such that the gap size (I) gradually 
increases from the central position (P1) of the mag- 
net (12) toward both ends (P2, P4). This helps de- 
crease the starting torque that results from a change 
in a relatinoship of relative positions between the 



stator slot and the magnet when the rotor is rotated. 
F i g . 1 




ICtD: <EP 0392C29A1 I > 



Xerox Copy Centre 



EP 0 392 028 A1 



FF-7481 /PCI 



- 1 - 

DESCRIPTION 

PERMANENT MAGNET TYPE SYNCHRONOUS MOTOR 
TECHNICAL FIELD 

The present invention relates to a permanent magnet 
type synchronous motor able to reduce cogging torque. 
5 BACKGROUND ART 

Cogging torque occurs due to the existence of the 
stator slots and the shape of the magnets on the rotor. 
Namely, when the motor is energized and the rotor 
actually turned, fluctuations are generated in the 

f° torque caused by the above-mentioned cogging operation. 
In particular , when the motor is used as a drive source 
for the rotation of the main spindle or feed mechanism 
in a machine tool, machining traces corresponding to the 
above-mentioned torque fluctuations remain on the 

15 machined surface of the work, and these may pose major 
problems in the finishing process . 

Therefore, in the prior art measures to deviate the 
above defects were taken with regard to the planar shape 
of the magnets, to reduce the cogging torque. 

20 Nevertheless, using only the measures taken with 

regard to the planar shape of the magnets limits the 
reduction of the cogging torque, and further, other 
measures must be taken to obtain a smooth torque. 
DISCLOSURE OF THE INVENTION 

25 Therefore, an object of the present invention is to 

solve the above problems and to reduce the cogging 
torque by measures other than with regard to the planar 
view shape of the magnets. 

In view of the above-mentioned objects, the present 

3 0 invention provides a permanent magnet type synchronous 

motor wherein a plurality of permanent magnets are fixed 
to the surface of the rotor core, said synchronous motor 
having a rotor structure characterized in that the 
dimension of the gap between the two end portions of the 

35 above-mentioned magnets in the circumf erential direction 
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of the rotor and the stator is larger than the dimension 
of the gap at the center portions of the magnets, and in 
that the dimension of the gap between the magnets and 
the stator is gradually increased from the center 
portion to the end portions thereof. 

The gap between the rotor and the stator consti- 
tutes a resistance to the magnetic flux generated from 
the magnets, and therefore, the construction is such 
that the gap becomes gradually larger from the center 
position of the magnets to the end position in the 
circumferential direction, whereby changes in the 
interlinking flux passing through the stator become 
smooth and cogging torque is reduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic horizontal sectional view 
of just the rotor and stator inner periphery of an 
electric motor according to the present invention; 

Fig. 2 is a partial, enlarged view of Fig. 1; 

Fig. 3 is a partial, enlarged view showing another 
embodiment of an electric motor according to the present 
invention ; and 

Fig. 4 is a plan view of a magnet of Fig. 3. 

BEST MODE OF CARRYING OUT THE INVENTION 

The present invention will be now explained in 
further detail, based on the embodiments shown in the 
appended drawings. Figure 1 is a horizontal sectional 
view of a rotor of a permanent magnet type synchronous 
motor according to the present invention shown together 
with the inner peripheral line of the stator shown by 
the broken line. For simplification, the slots are 
omitted (same in other figures). The rotor core 10, 
comprised of laminated electromagnetic steel sheets, has 
an outer shape having a center P eccentric toward the 
radial direction from the center line of rotation 
(point) CL of the rotor, as shown in Fig. 2, and forms 
eight arcs 18 having suitable radial dimensions Rl 
arranged equidistantly in the circumf erential direction. 
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The eight arcs 18 correspond to the eight magnetic 
poles 8 of the present embodiment. It is clear that 
other numbers are also possible in the present 
invention. 

The center hole 16 of the rotor core 10 is provided 
for insertion of the output shaft. The above-mentioned 
radius Rl is smaller than the radius R3 of the broken 
line 14 showing the inner periphery of the stator. 
Magnets 12 are adhered and fixed to the arcs 18 of the 
rotor core 10 as field poles. The horizontal sectional 
shapes of the magnets 12 comprise an outer curve of a 
radius R2 centered on the center of curvature of the 
arcs 18 and an inner curve of the radius Rl . The 
radius R2 is larger than the radius Rl and smaller than 
the stator inner peripheral radius R3 . Therefore , the 
dimension X of the gap between the outer surface of the 
magnets 12 and the inner peripheral surface 14 of the 
stator is smallest at the point PI on the straight line 
connecting the center point CL to the rotor and the 
centers P, i.e., the point PI showing the center 
position in the circumf erential direction of magnets 12, 
and gradually increases along with the approach to the 
two ends P2. 

The dimension t of the gap between the magnets 12 
and the stator inner periphery gradually changes as 
explained above, so that, when the rotor turns, the 
magnetic resistance with respect to the flux generated 
by the field poles of the magnets 12 changes smoothly, 
and therefore, the changes of the interlinking flux 
passing through the stator becomes smooth so that the 
cogging torque is reduced. In the above embodiment, 
the thickness tl of the magnets 12 is made constant, 
which facilitates manufacture of the magnets by the 
sintering process. Further, the resistance with respect 
to the demagnetizing field is uniform so that local 
demagnetization of the magnets 12 can be avoided. 

In the above embodiment, the illustration and 
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explanation were made of a motor with the stator 
arranged at the outer circumferential side and the rotor 
at the inner side, but the same effect is produced where 
the stator is provided at the inner side and the rotor 
5 is disposed at the outer circumferential side by forming 
the magnet to give a sectional shape giving smooth 
changes in the gap dimensions. 

An explanation will be made of another embodiment 
according to the present invention referring to Fig. 3 

10 and Fig. 4. The outer form of the rotor core 10' forms 
a single circle, and therefore, is set concentrically 
with respect to the inner periphery 14 of the stator. 
On the outer periphery of the rotor core 10' is adhered 
a hexagonal magnet 12' with a planar shape of substan- 

15 tially a block shown in Fig. 4. The thickness dimen- 
sion t2 of the magnet 12' seen from the direction of the 
arrow line A of Fig. 4 is largest at the symmetrical 
line position PI of the magnet 12' and gradually 
decreases along with the movement to the points P3 and 

20 P4 at the two ends thereof. The outer curve of the 

magnets 12' may be an- arc or may be another curve. Even 
in the first embodiment shown in Fig. 1 and Fig* 2, it 
is not absolutely necessary to form the arc shapes . In 
this second embodiment too, there is the disadvantage of 

25 local demagnetization resistance, but the embodiment 
contributes to the reduction of the cogging torque. 

As clear from the above explanation, according to 
the present invention, the changes in the passing 
through interlinking flux become smooth, so that the 

30 cogging torque can be reduced. 
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CLAIMS 

1. _ A permanent magnet type synchronous motor 
wherein a plurality of permanent magnets are fixed to 
the surface of the rotor core, said synchronous motor 
having a rotor structure characterized in that the 
dimension of the gap between the two end portions of 
said magnets in the circumferential direction of the 
rotor and the stator is larger than the dimension of the 
gap at the center portions of the magnets and in that 
the dimension of the gap between the magnets and the 
stator gradually increases from the center portion to 
the end portions. 

2. A permanent magnet type synchronous motor 
according to claim 1, wherein the outer periphery of 
said rotor core is formed so that a plurality of 
projections having a smooth curve are angularly 
equi-spaced thereon, and a magnet having a uniform 
thickness is fixed on each of said projections. 

3* A permanent magnet type synchronous motor 
according to claim 1 , ' wherein the outer periphery of 
said rotor core is formed by one circle, and magnets 
each having a maximum thickness at a central position 
thereof, the thickness thereof gradually reducing 
towards both ends thereof, are fixed to the outer 
periphery of said rotor core. 
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Table of Reference Numerals 



10 -••.••■« Rotor core 

12 ...... Magnet 

14 Stator inner periphery- 
Pi Center portion of magnet 

P2 End portion of magnet 
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